Weaning weight of pigs on d 18 to 21 of age was used to determine the effects of recombinant porcine somatotropin (rpST) on lactational performance of their dams. Crossbred Landrace x Yorkshire sows (n = 180, 202 to 270 kg BW) were assigned to receive daily i.m. injections of either 0, 8, or 16 mg of rpST on lactation d 7 to 20. Initially, injections of 16 mg of rpST/d caused 100% mortality (four sows); thus, a dose of 4 mg of rpST/d replaced 16 mg. Subsequently, 5 of 19 and 1 of 17 sows died in response to daily injections of 8 and 4 mg of rpST, respectively, resulting in termination of the experiment. Before termination, 48 sows (16 from each of the 0-, 4, and 8-mg treatment groups) completed a lactation of 18 to 21 d in duration. Analysis of these data indicated that daily injection of lactating sows with rpST increased (P c .05) weaning weight of pigs only if they were from litters that averaged 2 2.6 kg/pig on lactation d 7.
in maternal milk production. Boyd et al. (1985) suggested that sufficient milk was not available for optimum growth of pigs after d 7 to 9 of lactation, even among sows that were capable of producing large quantities of milk, and that an increase in maternal milk production alone could increase pig weaning weight by about 1 kg/pig. Furthermore, because heavier pigs at weaning were more adaptable to their postweaning environment, they grew faster than fighter littermates during the initial lo-to 144 period.
Because daily injections of recornbinant porcine somatotropin (rpST) into lactating sows increased milk yield and pig weaning weight (Boyd et al., 1985) ' the present experiment was designed to use pig weaning weight to assess the effect of rpST on lactational performance of sows maintained in 3501 a commercial facility. Death occurred, however, among 10 of 40 sows injected with rpST, resulting in termination of the experiment. Two other experiments were conducted 1) to determine whether growing pigs could tolerate a dose of rpST that was lethal to lactating sows and 2) to examine hematological, biochemical, and histological changes in lactating sows injected with rpST.
Materials and Methods
Experiment 1. The objective was to determine the effects of rpST on lactational performance of sows, as assessed by weaning weights of their pigs. Pregnant crossbred Landrace x Yorkshire sows (n = 180, 202 to 270 kg BW, Swine Graphics, Webster City, IA) were used. Average parity of these sows, BW on lactation d 7 and 21, and number of pigs weaned annually were 2.76, 216 kg, 203 kg, and 21.2, respectively. A veterinarian visited the herd twice weekly (routine herd management); thus, there was no disease problem associated with this herd of sows, including lactation-onset ketosis.
Sows were blocked by parity (1, 2, 2 3), and 20 sows/parity were assigned to receive either no injection (control) or daily i.m. injections of 8 or 16 mg of rpST on lactation d 7 to 20 (d 0 = farrowing3). The period of rpST injection coincided with the onset of insufficient milk production of sows to meet requirements of their offspring (lactation d 7, Boyd et al., 1985) and the time when pigs are weaned normally (lactation d 21). A diet (Table 1) containing 16.5% CP was fed during lactation in an attempt to provide sufficient CP in the event that rpST reduced voluntary feed intake. Sows were allowed ad libitum consumption of feed twice daily, and creep feed was provided for pigs (9 to ll/sow, standardized on lactation d 1).
The rpST (Smith and Kasson, 1991) ET AL. Because endotoxemia has been implicated in suppression of prolactin (PRL) release in lactating sows Wagner, 1984, 1985) , plasma was assayed for PRL. The rationale was that if endotoxins were present in this lot of rpST at concentrations capable of causing death, then a decrease in PRL concentration might be likely. Briefly, to determine porcine PRL (pPRL), plasma was reacted ovemi t (20'C) with rabbit anti-pPRL serum9
was continued for 1 h (20'C) with goat antirabbit gamma globulin'o containing 5% polyethylene glycol. After centrifugation (2,040 x g) for 30 min, radioactivity was determined in the precipitate. Crossreactivity of the pPRL antibody was about .13% for porcine ST. A dilution response Curve for 25, 50, 100, and 200 pl porcine plasma was parallel to the pPRL reference standard. The lower limit of assay sensitivity was .1 ng/tube. Recovery of exogenous pPRL (.2 to 5 ng) from porcine plasma averaged 107% (range 88 to 126%).
Coefficients of variation within and between assays were 7.1 and 15%, respectively, for a common plasma pool of six assays.
Body temperature was determined rectally at 0600,1700, and 2400 during the first 5 d of rpST injection, and at 0600 and 1700 there after. Additionally, whenever sows showed signs of illness (refusal of feed, recumbency), body temperature was monitored and blood was collected at 4-h intervals starting at time of observed illness and continuing until death. Dead sows were necropsied within 4 h after death. After gross evaluation, tissues were removed, fixed in 10% neutral bufferedformalin, sectioned, and stained with hematoxylin and phloxineeosin before microscopic examination by a boardcertified pathologist.
Three of 48 sows that completed a lactation of 18 to 21 d in duration (Exp. 1) were observed to be ill (food refusal, recumbency) beginning on lactation d 17. Assuming that illness affects lactational performance adversely, data for these three sick sows were not included in the analysis. The effect of rpST on weanhg weight of pigs and BW of the remaining 45 sows was determined by covariand [l P 5rlpPRL. On the next day, incubation ance analyses (covariate = d-7 BW). Average daily gain of pigs (BW at weaning -BW at d 7humber of treatment days) was analyzed as a complete block design (Steel and Tome, 1960 ). An interaction (P < .05) occurred between treatment and covariate (d-7 BW) resulting in heterogenous slopes for describing changes in pig BW from d 7 to weaning. Milliken and Johnson (1989) suggested that when slopes were homogenous (nonsignificant interaction between treatment and wvariate) least squares means should be predicted at the mean covariate value along the slope, but that whenever slopes were heterogenous, least squares means were best predicted at, above, and below the average covariate value to facilitate interpretation of the data. Come quently, least squares means for these weaning weights were determined at the average covariate value and at 1 SD below and above the average covariate mean.
Hematological and biochemical data (Exp. 3) were analyzed according to ANOVA for repeated measurements (Gill and Hafs, 1971 ).
Data on lactation d 6 (injection of saline) were used as covariates. Interactions (P c .05) occurred between day and treatment for many of the hematological and biochemical measure ments, apparently because of differences in response to rpST during the first 5 d of injection vs the latter 5 d Consequently, the data were partitioned into two periods; d 1 to 6 and d 7 to 12 of injection then were analyzed.
All data were subjected to ANOVA using the GLM procedure of SAS (1985) .
Results
Experiment I . Death did not occur among any of 16 control sows, whereas 4 of 4, 5 of 19, and 1 of 17 sows died in response to daily injections of 16, 8, and 4 mg of rpST, respectively. Neither parity of sows (four primiparous, six multiparous), number of rpST injections (2 to 14) nor use of cloprostenol to induce farrowing (six induced, four not induced) seemed to be associated with death. Gross examination of nine sows that died spontaneously and one that was euthanatized attributed death to hemorrhaging of different organs, such as occurred with heat stroke or electrical shock Three sows were diagnosed as having gastric ulcers. Microscopic examination revealed that lesions were present in the livers of some sows.
ET AL. Table 2 shows predicted least squares means for weaning weights of pigs. The slopes of the lines that described the relationship between d-7 BW (1.8 to 3.4 kg/pig) and weaning weights were .99 f .3, 2.2 f .4, and 1.8 f .3 for 0, 4, and 8 mg of rpST treatment groups, respectively (P < .05). Because slopes were heterogenous, weaning weights were determined at the average d-7 BW (2.6 kglpig) and at 1 SD (.3 kg) above and below the mean covariate value. This allowed us to determine whether pig weaning weight in response to rpST injection into their dams was influenced by pig BWhtter (light, -1 S D medium, mean; heavy, + 1 SD) at the start of rpST injection.
The calculated weaning weights were interpreted to indicate that during lactation d 7 to 21 daily injection of sows with 8 mg of rpST improved by 5% (P c .OS) weaning weight of litters that averaged 2.6 kg/pig on d 7 and either 4 or 8 mg of rpST improved by 8% (P < .05) weaning weight of litters that averaged 2.9 kg/pig on d 7, whereas neither dose affected (P Although feed consumption was not determined, more orts were present always in feed troughs of sows injected with rpST compared with controls, suggesting that the former group of sows consumed less feed.
Experiment 2. Neither death nor any observable illness occurred among growing pigs injected daily for 28 d with 16 mg of rpST, a dose that was lethal to lactating sows of approximately two to five times greater BW. In other words, injection of lactating sows with 60 to 80 pg of rpST/kg BW caused 100% mortality after two to nine injections, whereas growing pigs tolerated 160 to 320 pg of rpST/ kg BW for 28 d. None of these growing pigs was necropsied because of lack of any overt adverse effect of the exogenous rpST. D a i l y injection of the same lot of rpST had biological activity in other growing pigs Kasson, 1990, 1991) and lactating sows (Figure 1, present data) , suggesting that rapid degradation of the protein was not the reason for failure of this massive dose of @T to cause death among these growing pigs. Experiment 3. Of five sows injected with rpST, two died after 10 to 12 injections, one was euthanatized after seven injections because of severe hyperventilation and loss of mobility, another refused feed and showed preference for a recumbent position after seven injections but recovered within 2 d after rpST injections were discontinued, and the fifth sow as well as the control sows showed no observable illness after 10 injections. Upon necropsy, gross observations of the three dead sows (two spontaneous, one euthanatized) identified that gastric ulcers were present at the pars esophagea of all sows. The intensity of ulceration was greater for the two sows that died spontaneously. Also, massive blood clots resulting from hemorrhaging of the ulcers were present in the stomach and small intestines of the two sows that died spontaneously but not in the euthanatized sow, suggesting that death occurs quickly after the onset of hemorrhage. Microscopic observations of tissues from the three dead sows revealed that the squamous epithelium of the pars esophagea was necrotic, lesions were present in the kidney and liver, and the pituitaq contained mineral deposits (T. abl e 3). Average body temperature (39.5'C) for sows treated with rpST did not differ (P > .05) from that of controls (39.2'0, although those rpST-treated sows that died had an increase of .6'C (P > .05) in body temperature during the last 20 h preceding death. Collectively, the data were interpreted to indicate that changes in body temperature of lactating sows cannot be used to determine any adverse effect of exogenous rpST.
In response to rpST injections plasma ST was increased 5-to 25-fold at 1 h (data not shown) and 12 h postinjection (Figure 1 ) in all sows, including the one that did not show any overt adverse reaction to the injected rpST. At 24 h after each injection, ST concentration of some rpST-treated sows was comparable to that of controls. Similar to ST, plasma IGF-I also increased in response to exogenous rpST ( Figure 1) . It is noteworthy, however, that in spite of continuation of rpST injection, plasma IGF-I seemed to decrease in all sows except sow #1, which did not show any overt adverse reaction to the protein. Unlike concentrations of ST and IGF-I, plasma PRL at 1 and 12 h after injection of excipient or rpST did not differ (P > .05) from preinjection concentrations. Mean PRL concentrations (ng/ml) before and at 1 and 12 h, respectively, after each of seven daily injections were 28 f 3,30 f 3, and .05) within a few days after the start of rpST injections and others after at least seven daily injections, whereas others were not affected (P > .05) by acute or chronic rpST injections (Table 5) .
Discussion
Based on historical data for pigs reared at Swine Graphics, 60 sows per treatment allowed 80% probability (a = .lo) of detecting 10% difference in pig weaning weight. The results obtained with 27% of the required number of sows (Table 2 ) were interpreted to indicate that when litter sizes were qual (9 to 11 pigs/sow), daily injection of sows with rpST on lactation d 7 to 21 resulted in increased pig weaning weight only for litters that averaged at least 2.6 kg/pig on lactation d 7. Because milk removal is necessary for maintenance of lactation, it is possible that litters of BW 2 2.6 k@ig on lactation d 7 suckled their dams more frequently, thereby enhancing secretory activity of the alveolar cells. An increase in synthetic rate of the alveolar cells should cause greater milk yield, and hence an increase in pig weaning weight.
An alternative explanation is that our results occurred by chance rather than in response to exogenous rpST or suckling frequency. Exogenous rpST has been demonstrated to improve ( Harkins et al., 1989) or not to affect %robability that treatments differ. (Cromwell et al., 1989a,b) lactational performance of a limited number of sows. Because some sows in the latter study reacted adversely to the rpST, however, milk production could have been attenuated.
Development of stomach ulcers and subse quent hemorrhaging of the ulcers seem to be the cause of death of lactating sows injected with pST. Death seems to occur quickly after the onset of hemorrhaging, based on the presence of blood in the stomach and small intestines of two sows necropsied shortly after spontaneous death, whereas blood was absent from these areas in a sow euthanatized when death was imminent. Boyd et al. (1985, personal communication) attributed death of lactating sows injected with pituitaryderived pST to endotoxins present in the pST prepiuation. Death of unknown etiology (Kveragas et al., 1986) Harkins et al. (1989) , it is unlikely that the high concentration of plasmas ST we observed at 12 h after each @T injection was due to interlaboratory variation in assay procedures. All plasma samples from these rpST-treated sows were of abnormal yellow coloration, suggesting contamination by other components from blood (e.g., bilirubin, which might have interfered with the RIA). Furthermore, lesions in the kidney and liver of these sows (Table 3) interpretation that livers from rpST-treated sows were malfunctioning. Similar to previous results for growing pigs (Turman and Andrews, 1955; Doyle et al., 1956; Machlin, 1972) , the adverse reactions of these sows to rpST included refusal of feed, muscular trembling, immobility, convulsive seizures immediately before death, and vacue lation of the liver and kidney of dead sows. As was observed for growing pigs Kasson, 1990, 1991) . the adverse effects of rpST in these lactating sows seemed to be dose-dependent, because death and(or) illness occurred among 9 of 10 (90%), 5 of 19 (20%), and 1 of 17 (6%) sows injected daily with 16 to 22, 8, and 4 mg of rpST, respectively. Although chronic daily injections of 3 to 12 mg of rpST caused death among other growing pigs of BW and genetic background similar to those of pigs used in the present study (7 of 508, Smith and Kasson, 1990, 1991) , the fact that the present growing pigs tolerated for at least 28 d a dose of rpST that was lethal to lactating sows in 2 to 9 d supports an interpretation that sows may be more sensitive to rpST than growing pigs. It was not ascertained whether the apparent increase in sensitivity was due to age, to physiological state (lactation vs growth), or to a stimulus initiated by suckling. Lactation, however, was inhibitory to formation of gastric ulcers in rats ( Kahlson et al., 1964; Kelly and Robert, 1969) , and exogenous ST accelerated healing of formaldehyde-induced ulcers of normal nonlactating rats and reduced the incidence of steroid-induced gastric ulcers of hypophysectomized rats (Robert et al., 1966) . It is unclear why ST will exaggerate formation of gastric ulcers in swine but will attenuate ulcer formation in rats.
Reductions in red blood cell number, hemoglobin concentration, hematocrit (%) (Table 4) might have occurred as a result of the hemorrhage that preceded death. Greater concentrations of bilirubin, alkaline phosphatase, and aspartate aminotransferase (Table 5 ) might be related to degeneration of the liver. ulcers that develop at the pars esophagea. High concentrations of rpST (16 to 22 mg) caused 90% mortality of lactating sows after 2 to 12 injections but not of growing pigs after 28 injections, suggesting that lactating sows may be more sensitive to exogenous rpST. If the adverse effects of exogenous somatotropin can be prevented, the protein may improve lactational performance of some sows based on predicted heavier weaning weights for litters that averaged 2 2.6 w i g on lactation d 7.
